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Abstract 
Introduction:  In the U.S., about 50% of total CO2 emissions stem from the built environment 
(e.g., building construction, operation [heating, lighting, cooling], and end-of-life) (EPA 2012). 
Improving the performance and efficiency of the built environment offers the largest and least 
cost GHG mitigation option of any sector of the global economy (IPCC 2007).  Science-based 
Life Cycle Assessment (LCA) methods are increasingly being used to analyse the environmental 
impact of construction materials and products.   
Objectives:   This paper presents a framework for LCA-based environmental decision making 
for commercial buildings at the conceptual design phase, compares it to the currently available 
LCA tools and data bases, and identifies the “next steps” in developing a comprehensive LCA 
standard for assessing whole building life cycles to support environmental decision making in 
design and construction. 
Methodology/approach:  1) CSU/AIA conducted focus groups in 8 US cities to explore actual 
and potential use of LCA in decision making by architects; 2) A framework created based on 
feedback from focus groups, 3) The framework was compared to existing LCA tools and 
databases, 4) Gaps were identified for next stages in developing an LCA-based environmental 
decision-making tool for conceptual design.  
Findings and contributions:  1) Current LCA tools are balkanized and usually address only one 
life cycle stage, material or system in a building.  2) LCA-related databases normally only 
address materials and product; they do not address construction activities or building operations.  
3) LCA tools and databases generally require a completely separate activity, data input and 
expertise; they are not integrated into routinely used architecture, engineering, and construction 
(AEC) tools, methods or best practices.  4) LCA based decision-making will not become an AEC 
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best practice until it is fully integrated, comprehensive, standardized, affordable, and demanded 
by customers and municipalities. 
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Main Text 
 
The built environment uses more energy and produces more Green House Gas (GHG) emissions 
than any other US economic sector.  Unlike the transportation sector in which the combustion 
engine has numerous metrics to assess its efficiency and GHG emissions,  buildings have no 
recognized standard metric by which the entire life cycle of a building can be environmentally 
measured and assessed.  Life Cycle Assessment (LCA) offers the Architecture, Engineering and 
Construction (AEC) community, as well as US government agencies and municipalities, a 
potential method for environmentally assessing a building‘s impact before it is built.  This paper 
explores a national LCA framework for the built environment that will facilitate energy 
efficiency and GHG emissions benchmarking to advance environmental impact remediation.  
 
 
1. Introduction:  The US Government has set a policy of increasing energy efficiency and 
reducing greenhouse gas emissions (GHG), principally CO2, by 2020, across all economic 
sectors. This policy is expressed in the National Action Plan for Energy Efficiency (NAPEE) 
(EPA, 2010).  In addition President Obama announced in 2009 new carbon emissions goals, 
reducing emissions by 17% of the 2005 levels by 2020 (EPA, 2009).  Moreover, it is anticipated 
that these emissions goals may be accelerated as a result of the UN Summit on Climate Change, 
COP 21, taking place in Paris in November 2015.  In that the built environment contributes 
around 50% of the GHG emissions to the US carbon signature it must play a central role 
towards these targets through ever greater energy efficiency and GHG emissions reductions 
(EPA 2012).  
Unfortunately, NAPEE is a voluntary policy and provides only broad principles and long term 
strategies for energy efficiency which focuses primarily on the use of macro-economic incentives 
for utilities to accommodate increased efficiency.  It provides no methodical pathway for the 
architect, engineer and constructor (AEC) community nor municipalities who authorize building 
permits to advance energy efficiency with each building that is designed and approved for 
construction. Moreover, it provides no measurement standard by which the US Government and 
the AEC community can track our progress towards these goals.  Only through benchmarking 
energy efficiency and GHG emissions by building type can we have a common standard with 
which to compare progress with each building in meeting national targets.  Thus, there is a 
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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significant gap between policy goals and the specific standards and measurement tools to 
facilitate the fulfilment of those goals.  
 
The second highest contributor of GHG emissions in the US economy is the transportation 
sector, yet scientific study has been applied to this sector since the 1960’s and substantial 
progress has been made to measure and analyse both the efficiency of the combustion engine and 
the associated GHG emissions.  From this research increased efficiencies have arisen in the form 
of lighter automobiles, more efficient engines, improved fuels, and the movement toward 
electricity and other cleaner, alternative fuels.  Unfortunately, though the built environment now 
produces nearly twice the emissions as the transportation sector little attempt has been made to 
scientifically measure and assess the environmental impact of buildings to achieve higher 
efficiency and greater GHG emissions reductions.  
 
The Life Cycle Assessment (LCA) method combined with advanced machine computation and 
modelling may provide the most workable solution to this dilemma.  ISO 14040 states that LCA 
is “A systematic set of procedures for compiling and examining the inputs and outputs of 
materials and energy and the associated environmental impacts directly attributable to the 
functioning of a product throughout its life cycle.” (ISO 14040.2, 1996) LCA is not a new idea 
and has been in use in manufacturing since the 1960s.  For example, Coca Cola is known for its 
early LCA work on beverage containers in 1969 comparing material resources consumption and 
environment releases (Hunt & Franklin, 1996).  LCA methods evolved over the last fifty years 
leading to well established ISO Standards (i.e. 14040).  Additionally, manufacturers have 
increasingly turned to LCA in recent years to assess the sustainability of their products and 
industrial processes.  However, LCA has only sporadically been applied to the built environment.   
 
We believe that LCA has not been widely applied to the built environment due to the significant 
differences between manufacturing and construction.   Two key differences should be noted:   1) 
Mass production of standardized products in an industrial setting with processes and tasks 
continually repeated lends itself to clear methods of measurement of inputs and outputs, and 
impact assessment over time.  This contrasts with buildings in which nearly all designs are built 
only one time and they are almost entirely individually “stick built” where industrial assembly 
line methods with standard processes, assemblies and components repeatedly used are not 
appropriate; 2) LCA has been applied to manufacturing that may have many tasks and complex 
processes, but is nevertheless looking at a bounded system centred around the manufacturing 
process of a single product.  In contrast, a building is an assemblage of many products, perhaps 
thousands of products, each with a life cycle of its own.  Moreover, in a typical construction site 
there are many construction processes with numerous tasks occurring simultaneously. Though 
like manufacturing they tend to have a standard linear chronology (e.g. you lay the concrete 
foundation before you build the supporting walls), the construction process and tasks 
nevertheless are customized to the unique building design and the geo-spatial-climate 
environment in which the construction is taking place. This contrasts sharply with 
manufacturing’s strict chronology of repeated tasks to efficiently fabricate a standard mass 
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production assembly line product usually in a controlled environment.  
  
Nevertheless, the perceived complexity of materials, design features and subsequent construction 
processes and tasks in a building are finite values which can be readily measured and modelled, 
particularly with advanced computational methods. Developing the advanced software tools that 
can be applied to LCA methods to create a scientifically-rigorous environmental assessment is 
well within the reach of modern science and engineering.  However, for LCA tools to be 
accepted they must be seamlessly integrated into the architect’s work culture as a new best 
practice before they can facilitate national energy efficiency and emissions goal achievement 
building by building.  This paper explores a national LCA framework to realize this potential 
future.  
 
2. Literature Review:  There is a wide spectrum of LCA tools that are available to the AEC 
practitioner.  They cover a wide spectrum of functions, methods, foci, and objectives. They fall 
into four general categories:  
  
2.1 Materials databases:  these provide embedded energy and sometimes other 
enviornmental impacts from the cradle to the construction site gate.  They are usually only 
accessible with a fee and at times their calculations are obscure and not accessible to 
scientific peer review.  Moreover, some are based on LCAs conducted on materials 
manufactured in Europe which are not necessarily relevant for similar materials 
manufactured in the US and on other continents.  They frequently do not include 
environmental data on specific name brand products, or as with, BEES 4.0 are based on 
industry averages.  (Lippiatt, 2007) An exception is the Athena Institute which does not 
charge a fee and their materials calculations are available for peer review. (Athena, 2015) 
2.2 Econometric calculation:  this takes broad values, such as the financial cost of the 
building, adding variables such as building purpose, and using a generalized model, provides 
an estimate of environmental impacts.  An example is US Economic Input-Output LCA 
(EIO, LCA).  This is a helpful shorthand approach to a ballpark assessment on a building, but 
it cannot claim to provide project specific results. (EIO-LCA)  Another helpful tool in this 
category is the Rocky Mountain Institutes’ Green Footsteps.  Both are useful “first looks” at 
a building’s potential environmental impact. (Green Footsteps, 2009) 
2.3 Specific material LCAs:  some industries have developed an LCA for materials and 
products produced by their sector.  These may be helpful for specialized LCAs, but are of 
limited use for a comprehensive LCA of the entire life of a building.  With the growth of ISO 
14000 Environmental Product Declarations (EPDs) industry specific LCA tools will become 
more common and their data could be applied to materials manufacturing phase of building 
LCA.  An example is the EPD done by Underwriters Laboratory for the American Wood 
Council in collaboration with the California Red Wood Association (Tam, 2013). 
2.4 Comprehensive LCAs:  there are increased attempts to model more of the building’s life 
cycle than merely the materials and their embedded energy.  In most of these LCA tools there 
are phases or stages of the building life cycle which are not yet included or, if they are, the 
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details of the modelling are often not available for peer review. Perhaps the most 
comprehensive and open modelling is that of the Athena Institute’s LCA Tool, EcoCalculator. 
(Athena, 2015)  
3.0 Methodology:  Our study of presently available LCA tools was augmented by a series of 
eight structured focus groups of design practitioners in urban centers conducted in 
collaboration with the American Institute of Architects and the US Green Build Council.  
The primary purpose of this qualitative exploration of the design practitioner’s experience 
with LCA through focus groups was to establish terms of references and themes that would 
support follow-on quantifiable survey work.  An additional goal of this research was to 
explore how best to integrate LCA into the design practitioners’ work culture and to address 
the perception of the client in conducting LCA based environmental assessments of buildings 
before they were constructed.   
 
Random sampling was not used since the purpose of these focus groups was not to generalize 
to a larger population, but to establish terms of reference to underwrite composing a follow-
on random sample data collection campaign through a large scale survey of practitioners.   
We selected focus groups as a best approach to identify and explore key themes and terms of 
reference from design professionals’ experience, perceptions, values, norms and behaviours 
related to LCA as a potential best practice.   
 
These were “opportunity respondent” focus groups where the investigators intentionally 
asked AIA or USGBC chapters to recruit those local volunteer practitioners most dedicated 
to sustainability in the professional practices of the architectural firm and who were 
authorities on applying environmental decision making to the built environment.  It was 
perceived that they could assist this investigation to expeditiously identify key issues, 
concerns, risks and opportunities for introducing LCA based decision making as a best 
practice into the AEC community.  
  
These focus groups occurred in the following cities:  Los Angeles, San Francisco, Seattle, 
Denver, Austin, Chicago, Philadelphia and New York City.  This was intentional as it 
increased the possibility of the respondent having considered or worked with LCA methods.  
As it turned out only one in over 90 respondents had any more than cursory experience with 
LCA in their architectural firm.   
 
 4. Results and Framework :  From the focus groups several themes repeated themselves 
from city-to-city.   
 
4.1 Generally, LCA was viewed as an ideal way of looking at a building, but not as a 
practical method for environmental assessment of a building; nor a technique that could 
realistically be used to assess the impact of the building.  It was at best an altruistic value 
or ideal way of thinking; not a practical tool to provide a concrete service to support 
environmental decision making by the design practitioner. 
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4.2 There is no incentive from customers or from municipalities to conduct an LCA of a 
specific building.  Since building approving authorities do not require an LCA a client is 
not normally going to go to the expense to acquire one. 
 
4.3 No practitioner felt competent to conduct an LCA; their budgets have never had funding 
for the perceived high cost of contracting an LCA practitioner to provide this service.   
 
4.4 LCA will not likely be accepted into a design firm as a best practice or a desired service 
by their clients unless there is an external authority which requires it as a prerequisite for 
approving the client’s development. The following was perceived as necessary before 
LCA will become wide-spread:  
 
4.4.1 An LCA based Environmental Building Declaration (EBD) is requested by 
municipalities having authority to issue building permits or it is requested by 
federal/state government agencies who develop building projects; 
 
4.4.2 A cost effective comprehensive LCA tool can be developed that was seamlessly 
integrated into the practitioner’s work culture in a way that did not require 
substantial labour hours and learning new skills; towards this end building 
information modelling (BIM) requires fuller exploitation of its generally 
underused capabilities by the design practitioner to encompass environmental 
assessment.  
 
4.5 A national system and standard for Environmental Building Declarations and 
benchmarking could be created for each building type so that clients could compare their 
LCA results with the national or regional standard for environmental impacts with a 
similar building or category of buildings. Without comparison to a benchmark 
environmental impact measurements mean little to practitioners, their clients and building 
approving authorities.  
   
4.6 A first attempt to pioneer LCA as a best practice it to fully integrate it into green building 
program such as the USGBC LEED program.  LEED now offers innovation credit for 
LCA though there may be few takers as a rigorous ISO 14040 LCA without standard 
software tools remains very expensive and time consuming.   
 
From these focus groups and from an examination of ISO standards we are able to identify key 
characteristics which are essential for a credible and rigorous comprehensive LCA tool for the 
built environment.  In Diagram 1 we have provided a matrix exploring a few commercially 
available LCA tools used in the US that have one or more of these characteristics.  
Attributes ATHENA BEES 4.0 BIRDS TALLY CSU 
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Tool 
ISO 14040 
standard LCA for 
whole building 
X X X ? X 
Data/modelling 
Transparency + 
Peer Review; not 
proprietary 
X X X   X 
Materials Impact 
Calculations:          
US based  
manufacturing 
X X X ? ³ X 
Whole Building:  
all 
materials/systems 
+ land + transport 
Structural  
Assemblies 
Materials 
only X 
Materials 
only X 
Whole Life 
Cycle:  integrate 
all 4 modules.  ¹ 
X      X 
Uses DoE 
Building 
Typology  
   X  ²   X 
Geographic 
Impact: climate 
impact integrated 
into LCA 
   X X X 
Table 1:  LCA Tool Attributes.   
 
1. LCA modules or phases include: materials manufacturing, construction, operations and maintenance, end-of-life and all associated transport.;  
2. Abbreviated typology, but includes most US buildings actually constructed.  
3. Date originates from the European focused GaBI data base which is proprietary and lacks peer review. 
  
From an assessment of how to achieve national energy and GHG emissions goals in the built 
environment, the current state of LCA tools for buildings and from the themes originating in 
these focus groups a potential national LCA framework is emerging.  Here are some of the 
constituent elements which are worthy of further consideration. 
 
4.9 Financial investment by the National Science Foundation, EPA, DoE, GSA and private 
philanthropy in creating scientifically rigorous whole building complete life cycle LCA tools that 
meet ISO 14040 standards. 
 
4.10 Create a national standard for Environmental Building Declarations (EBD) which is in 
harmony with ISO 14000 Environmental Product Declarations (EPDs) (ISO 14025, 2006) .  
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Moreover, the EBD standard must not be “captured” by any proprietary certification system, but 
must be open and transparent in accordance with scientific methods and protocols. 
  
4.11 Design and create the national Building Energy and Environmental Data Base (BEED) as a 
component of the National Renewable Energy Laboratory sponsored US Life  Cycle Inventory 
Data Base (USLCI).  As the USLCI is the logical archive for US sponsored EPDs it would also 
be the ideal location for registering and archiving EBDs. By archiving data from EBDs on the 
next generation of buildings focusing on achieving carbon neutrality, BEED will provide the 
capability to model and track by building type energy efficiency and carbon emissions 
reductions.  Thus, it will facilitate benchmarking averages of key environmental indicators by 
building type.  A national system of benchmarking will enable improved building design and 
tracking energy efficiency and GHG emissions reduction in the built environment over time.  
4.12 Encourage GSA, DoD , and State Department – our primary federal property developers – 
to require LCA based EBDs as a prerequisite for approving construction designs.  It is logical 
that municipalities will adopt this standard so that they can track energy efficiency and emissions 
reductions in their respective urban centers.  
 
4.13 Require LCA based EBDs to demonstrate that environmental indicators are below 
benchmarking averages by building type as prerequisite for LEED and other green system 
certifications. 
 
4.14 Encourage all building information modelling commercial software vendors to adopt an 
open IFC standard file system to facilitate easy movement of data between software programs 
and to support LCA based EBDs.  This will greatly reduce the cost and labour hours for 
conducting LCA based EBDs directly by the design practitioner without an outside contractor. 
 
5. Discussion:  Due to the demands of climate change to increase energy efficiency and reduce 
GHG emissions the AEC community, the federal government, municipalities, IT vendors, 
professional associations, standards associations and academic researchers need to collaborate to 
create the standards, methods, protocols and tools to actively measure and track the 
environmental impact of buildings.  Currently LCA tools, standards and protocols are Balkanized 
and there is no national framework to guide government agencies, municipalities, and members 
of the AEC community and their clients.  Moreover, to merely measure GHG emissions is not 
enough.  A benchmark is needed for each building type in order that design practitioners, 
developers and government decision makers can determine the environmental impact of a 
building before it is built and have an authoritative value to which it can be compared. This 
needs to be national is scope and authority so that a developer knows if he is building a fast food 
restaurant in Miami or Seattle he will have the same environmental protocol, standard and 
benchmark. As materials, manufacturing methods, transport, construction equipment, mechanical 
systems, design methods, and building recycling technology improves the environmental 
benchmark can be continually lowered to accommodate these advances.  However, 
benchmarking will not be possible until the built environment applies scientific measurement to 
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its activities in the same manner that the transportation industry has over the last fifty years.  
EBDs must be archived in a national data base so that we may have this body of scientific data 
for research on all aspects of the building life cycle to reduce the environmental impacts of the 
built environment.  
 
In summary, to work towards a national framework for LCA using ISO 14000 Environmental 
Management Standards as our point of departure the US needs to address three gaps.  1) create a 
sound and scientifically credible building benchmarking protocol and standard.  2) Key to the 
underlying modelling is establishing the standard for EBDs and regularly archiving EBDs at the 
USLCI in order to facilitate a national benchmarking system.  3) IT tool designers can then work 
collaboratively with scientists, engineers, municipalities, federal agencies, standards 
organizations,  and the AEC community to create inexpensive tools that can be fully integrated 
with BIM and the design firm work culture so that there is no substantial increase in costs or 
labour hours. Buildings are 50 years behind the combustion engine in environmental metric and 
assessment, but they product nearly twice the amount of GHG.  Substantial and meaningful 
progress may not be made on tracking and improving built environment environmental impact 
until a consensus can be created around a national assessment framework for the built 
environment. 
   
References: 
1) Athena Sustainable Materials Institute (2015), Ecocalculator acquired on 12/15/30 from 
http://www.athenasmi.org/our-software-data/ecocalculator/ 
 
2)  EIO-LCA, Carnegie Melon University acquired on 1-3-14 from http://www.eiolca.net/ 
 
3) EPA, National Action Plan for Energy Efficiency (2010), retrieved on December 27,  
2014 from http://www.epa.gov/cleanenergy/energy-programs/suca/resources.html 
 
4) DoE, News, Archives and Events, Dec 2, 2009, President Obama Sets a Target for 
Cutting U.S. Greenhouse Gas Emissions, retrieved on Dec 29, 2014 from  
http://apps1.eere.energy.gov/news/news_detail.cfm/news_id=15650. 
 
5) EPA (2012),   Climate Change Indicators in the US acquired on 1/30/14 from 
http://www.epa.gov/climatechange/science/indicators/download.html 
 
6) Green Footsteps, (2009), acquired 12-29-14 from http://www.greenfootstep.org/ 
 
7) Hunt, R.,. Franklin, W (1996), LCA-How it Came About:  Personal Reflections on the 
Origin and the Development of LCA in the USA, International Journal for LCA, 
ECOMED Publishers, Landsberg, GE retrieved on December 29, 2014 from 
811 Peter Means and Angela Guggemos /  Procedia Engineering  118 ( 2015 )  802 – 812 
 
http://www.coclear.co/wp-content/uploads/Hunt_1996_LCA-History-
InclCokeGlassBottle.pdf 
 
8) ISO 14025 (2006), Environmental labels and declarations -- Type III environmental 
declarations -- Principles and procedures 
 
 
9) acquired on 1/30/14 from http://www.iso.org/iso/catalogue_detail?csnumber=38131 
 
10) Trusty, W., Meil, J.,  Norris, G., ATHENA: A LCA Decision Support Tool for the 
Building Community, ATHENA Sustainable Materials Institute: Canada 
 
11) Guinee, J.B., Life Cycle Assessment - An Operational Guide to the ISO Standards. 2001. 
 
12) Junnila, S., A. Horvath, Guggemos,A.A., (2006)  Life-Cycle Assessment of Office 
Buildings in Europe and the United States. Journal of Infrastructure Systems.  
 
13) Guggemos, A., Horvath, A. (2005). ”Comparison of Environmental Effects of Steel- and 
Concrete-Framed Buildings.” J. Infrastruct. Syst., 11(2), 93–101. Retrieved on December 
29, 2014 from http://ascelibrary.org/doi/full/10.1061/%28ASCE%291076-
0342%282005%2911%3A2%2893%29 
 
14) Lippiatt, B., (2007), BEES 4.0 Technical Manual and User Guide., NIST retrieved on 
December 29, 2014 from http://www.fire.nist.gov/bfrlpubs/build07/PDF/b07018.pdf 
 
15)  Gregg, L.A., Lippiat, B, Kneifel, J., (2012), Building Industry Reporting and Design for 
Sustainability (BIRDS), National Institute of Science and Technology, a Power Point 
presentation  retrieved on 12/15/14 from http://lcacenter.org/lcaxii/final-
presentations/543.pdf.  
 
16)  US Life-Cycle Inventory Database, National Renewable Energy Laboratory Retrieved 
12/15/14 from http://www.nrel.gov/lci/. 
 
17) EERE. Building Energy Software Tools Directory, (2008); retrieved December 27, 2014 
from 
http://apps1.eere.energy.gov/buildings/tools_directory/subjects.cfm/pagename=subjects/p
agename_menu=whole_building_analysis/pagename_submenu=sustainability. 
 
18)  Melton, P, (2013), Whole Building Life Cycle Assessments: Taking the Measure of a 
Green Building , Environmental Building News, retrieved 12/15/14 from 
http://www2.buildinggreen.com/article/whole-building- life-cycle-assessment-taking-
measure-green-building. 
812   Peter Means and Angela Guggemos /  Procedia Engineering  118 ( 2015 )  802 – 812 
 
19) Tam, L. (2013), Environmental Product Declaration: Redwood Decking , Underwriters 
Laboratory Environment, acquired on 12-30-14 from 
http://www.awc.org/pdf/EPDs/Redwood_Decking_EPD.pdf. 
 
 
